General experimental
All solvents used were HPLC grade and all chemicals were purchased from Sigma-Aldrich.
Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker AV400 spectrometer. Infrared spectra were recorded on a Nicolet 6700 FT-IR spectrometer using a diamond Smart iTR ATR attachment. Absorption maxima (λ max ) are described as s (strong), m (medium), w (weak), or br (broad) and are quoted in wavenumbers (cm −1 ).
Accurate mass spectra for amphiphilic compounds were recorded on a Bruker AUtoflex III MALDI-TOF/TOF mass spectrometer. Experiment employed: positive ion, reflectron mode. The matrix employed was HCCA (α-cyano-4-hydroxycinnamic acid).
Copper analysis was carried out on an Agilent 770 ICP-MS. Nitric acid at ca. 100 °C was used to digest the samples before being made up to 25 mL with Milli Q water. The solutions were then measured directly by ICP-MS.
S3

Synthesis of double-chain tails
Prop-2-yn-1-yl 3-hydroxy-2-(hydroxymethyl)-2-methylpropanoate (2) [1]
To a stirred solution of 2,2-bis(hydroxymethyl)propionic acid (1.0 equiv) in DMF (5 mL/mmol) was added KOH (1.1 equiv). After stirring for 2 h at 100 °C, propargyl bromide (1.0 equiv) was added dropwise over 30 min. The solution was heated at 80 °C for 18 h, before the reaction mixture was cooled, filtered and concentrated in vacuo. The crude product was diluted with ether and subsequently washed with brine and sat. aq. NaHCO 3 solution. The organic fragment was dried over MgSO 4 and concentrated in vacuo to give the title compound (4.06 g, 69%) without the need for further purification. Spectroscopic data matched with the literature data.
General procedure A
To a stirred solution of carboxylic acid (2.5 equiv) and DMAP (0.2 equiv) in DCM at r.t. (5 mL/mmol) was added diisopropylcarbodiimide (2.2 equiv). Once dissolved, diol 2 (1.0 equiv) was added and stirring continued for 18 h. The reaction mixture was then diluted with DCM and washed with 1.0 M aq. HCl, sat. aq. NaHCO 3 solution and brine, dried over MgSO 4 and concentrated in vacuo to give the crude material.
2-Methyl-2-((prop-2-yn-1-yloxy)carbonyl)propane-1,3-diyl dioctanoate (3)
Synthesised in accordance with General Procedure A. Purification by column chromatography 
Synthesis of triple chain tails
N-(1,3-Dihydroxy-2-(hydroxymethyl)propan-2-yl)pent-4-ynamide (15)
To a stirred solution of tri-(hydroxymethyl)-methylamine (TRIS) (1.1 equiv) and N-ethoxycarbonyl- 
General procedure B
To a stirred solution of carboxylic acid (3.5 equiv) and DMAP (0.3 equiv) in DCM at rt (5 mL/mmol) was added diisopropylcarbodiimide (3.3 equiv 
(7Z,7'Z)-2-(((Z)-hexadec-7-enoyloxy)methyl)-2-(pent-4-ynamido)propane-1,3-diyl bis(hexadec-7-enoate) (22)
(13Z,13'Z)-2-(((Z)-Docos-13-enoyloxy)methyl)-2-(pent-4-ynamido)propane-1,3-diyl bis(docos-13-enoate) (24)
Synthesised in accordance with General Procedure B. Purification by column chromatography (5: 
Synthesis of sugar head groups (2S,3R,4S,5R)-tetrahydro-2H-pyran-2,3,4,5-tetrayl tetraacetate (31) [2]
To a stirred suspension of anhydrous sodium acetate (4.36 g, 53.2 mmol) in acetic anhydride (25 mL) heated at reflux was added D(+)-xylose (2.0 g, 13.3 mmol). The reaction mixture was heated for 3 h before cooling to 100 °C and immediately transferred to an ice-water mixture and stirred vigorously until a gum formed. After decanting the aqueous portion, the gum was dissolved in DCM and washed successively with sat. aq. NaHCO 3 solution and brine. The organic layer was dried over MgSO 4 anhydrous and concentrated in vacuo. The title compound (4.05g, 97%) was obtained as a white solid and was used in subsequent reactions without further purification.
(2R,3R,4S,5R)-2-azidotetrahydro-2H-pyran-3,4,5-triyl triacetate (32) [3] To a stirred solution of FeCl 3 (64 mg, 0.40 mmol) in dry DCM (10 mL) was added xylose tetraacetate 31 (4.18 g, 13.3 mmol) in DCM (20 mL). After stirring for 5 min, a solution of trimethylsilyl azide in DCM (10 mL) was added dropwise. The progress of reaction was monitored by thin layer chromatography (1:2 ethyl acetate/petrol). Once complete consumption of the starting material was observed, the reaction was quenched with sat. aq. NaHCO 3 solution. After separation, the aqueous layer was extracted with DCM and the combined organic extracts washed with brine, dried over S19 MgSO 4 and concentrated in vacuo to give the crude product. Purification by column chromatography
(1:2 ethyl acetate/petrol benzene) afforded the title compound (2.29 g, 58%) as a colourless viscous oil. Data matched literature values. [3] 1-Azido-1-β-D-xylopranoside (27) [4] To a stirred solution of azide 32 (2.26g, 7.60 mmol) in methanol (20 mL) was added a catalytic 
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Amphiphile synthesis and characterisation
General procedure
To each of 24 glass vials (18 mm × 45 mm) in a 4 × 6 array aluminium reaction block, was added a solution of azido sugar (1.0 equiv, ca. 15 mg) in 2:1 t-BuOH/water (1.5 mL). Alkyne (1.0 equiv) was added and the reaction block heated, with stirring, to 40 °C. After dissolution, copper powder (ca.
150 mg) was added and the reaction stirred for 24-48 h. The reaction mixture was cooled, diluted with ethanol (2 mL) and filtered through Celite ® into 24 glass vials (25 mm × 75 mm). Concentration in vacuo on a Genevac EZ-2, followed by vacuum oven drying (50 °C, 3 h), afforded the amphiphile products. 2, 57.4, 61.0, 64.8 (×2), 69.5, 72.6, 77.1, 79.8, 88.2, 123.9, 129.4 (×2), 129.5 (×2), 142.2, 172.5, 173.3 (×2) .
MALDI-TOF results
Galactose - 2, 57.5, 60.9, 64.8 (×2), 68.9, 70.1, 73.9, 78.6, 88.9, 123.4, 142.4, 172.5, 173.4 (×2) .
Galactose -2 × Palm (49) δ C (100 MHz, CD 3 OD) 13.1 (×2), 16.7, 22.3 (×2), 24.6 (×2), 26.7 (×2), 26.8 (×2), 28.7 (×2), 28.7 (×2), 28.8 (×2), 28.9 (×2), 29.4 (×2), 29.4 (×2), 31.5 (×2), 33.4 (×2), 46.2, 57.5, 60.9, 64.8 (×2), 68.9, 70.1, 73.6, 78.6, 88.9, 123.4, 129.4 (×2), 129.5 (×2), 142.4, 172.5, 173.4 (×2) .
Xylose -2 × C15 (57) δ C (100 MHz, CD 3 OD) 13.1 (×2), 16.7, 22.3 (×2) , 24.6 (×2), 28.8 (×2), 29.0 (×2), 29.1 (×2), 29.2 (×2), 29.4 (×2), 29.4 (×4), 29.4 (×4), 29.7 (×2), 31.7 (×2), 33.4 (×2), 46.2, 57.4, 64.9 (×2), 68.5, 69.2, 72.5, 77.2, 88.9, 123.8, 142.2, 172.6, 173.3 (×2) .
Mannose -2 × C7 (64) δ C (100 MHz, CD 3 OD) 13.0 (×2), 16.6, 22.3 (×2), 24.6 (×2), 28.7 (×2), 28.7 (×2), 31.5 (×2), 33.4 (×2), 46.2, 57.4, 61.1, 64.8 (×2), 67.2, 68.7, 71.2, 77.4, 87.0, 124.6, 142.5, 172.5, 173.3 (×2) .
Galactose -3 × Phyt (89) δ C (100 MHz, CD 3 OD) 18.7, 18.8, 18.9, 21.0, 21.7 (×3), 21.8 (×3), 24.1, 24.1, 24.1 (×3), 24.2, 24.5 (×3), 27.8 (×3), 30.1 (×3), 32.5, 32.5 (×3), 32.6 (×2), 35.1, 36.6 (×3), 36.7 (×3), 36.8, 36.9, 36.9, 37.0, 37 .0 (×3), 37.1 (×3), 37.1 (×3), 37. 2, 37.2, 39.2 (×3), 41.1 (×2), 41.1, 57.6, 61.0, 61.6 (×3), 68.9, 70.0, 73.9, 78.5, 88.8, 120.8, 146.3, 172.6 (×3) 4, 68.6, 69.4, 72.6, 77.3, 88.9, 121.3, 146.4, 174.4, 174.8 (×3) . 61.7, 71.1, 72.2, 73.4, 75.4, 75.8, 78.1, 78.3, 87.9, 103.7, 121.3, 146.3, 173.5 (×3) 
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Preliminary SAXS analysis
The internal liquid crystalline structure was determined using small-angle X-ray scattering. Each amphiphile was dispensed into a 96-well plate and an excess of water (70% w/v) was added to each well using a Mosquito ® liquid dispensing robot. The samples were equilibrated under controlled conditions of temperature and humidity for 5 days before SAXS analysis was carried out. Samples were analysed within the 96-well plate using a bespoke sample holder at the SAXS beamline at the Australian Synchrotron. The resulting diffraction patterns were analysed using the IDL-based AXcess software package [5] and the number and distribution of reflections used to assign the mesophase. 
